Introduction
Listeria (L.) monocytogenes as a food-borne pathogen has significant public health and economic impacts. Human infections primarily result from eating contaminated food and may lead to serious and potentially life-threatening listeriosis. Pregnant women, neonates, elderly, or immunocompromised people are particularly susceptible to listeriosis, which typically presents as septicemia, meningitis, or meningoencephalitis (Doganay, 2003; Vázquez-Boland et al., 2001) . Because of its high case fatality rate, listeriosis ranks among the most frequent causes of death due to food-borne illness (CDC, 2009; Mead et al., 1999; Swaminathan & Gerner-Smidt, 2007) . Reports show that L. monocytogenes infections are responsible for high hospitalization rates and have been linked to sporadic episodes and large outbreaks (Jemmi & Stephan, 2006; Varma et al., 2007; Warriner & Namvar, 2009 ). In the European Union (EU), a total of 1'381 confirmed human cases of listeriosis (0.3/100'000) have been reported in 2008 (EFSA, 2010) . In several states of the EU, the annual incidence rate has thereby increased over the last few years, especially in the elderly population.
Furthermore, L. monocytogenes is of great economic relevance for food business operators because contamination of food products might result in large recalls and changed buying behavior of consumers (CDC, 2002; Jemmi & Stephan, 2006; Wong, Street, Delgado, & Klontz, 2000) . Amongst other foods, ready-to-eat products have recently often been implicated in recalls and outbreaks (CDC, 2002; Dawson, Evans, Willby, Bardwell, Chamberlain, & Lewis, 2006; Swaminathan & Gerner-Smidt, 2007) .
Thereby, the ability of L. monocytogenes to persist in food-processing environments and to grow at low environmental temperatures present major challenges for the food industry and food safety (Tasara & Stephan, 2006; Warriner & Namvar, 2009 ).
According to the EU food safety legislation the onus of compliance is placed on food business operators, which must apply compulsory self-checking programs following the hazard analysis critical control point (HACCP) approach and must ensure that their food products meet the regulatory requirements. Thus, Regulation Such examinations along with data from food products form the basis to monitor the L. monocytogenes situation in a food-processing plant. In the present study, we investigated the occurrence and genetic diversity of Listeria monocytogenes in a Swiss sandwich-producing plant over a 12-month period. The aim was to evaluate the potential persistence of L. monocytogenes in the processing environment and to identify possible contamination sources and routes for food products.
Materials and Methods

Food-processing plant and sampling
This study was based on investigations carried out within 12 months (November 2008 to November 2009) in a ready-to-eat food-processing plant. In the processing room of this plant, five sandwich production lines were located. Weekly, 48'000 sandwiches were produced. Packaged sandwiches were distributed to retail shops throughout Switzerland.
To evaluate the occurrence of Listeria and especially L. monocytogenes, 1'192 samples from the equipment of the sandwich processing lines (e.g. slicers, knives, or conveyor belts), 307 samples from the environment (e.g. drains, walls, or floors), and 217 samples from ready-to-eat ingredients pre-handled in the plant (e.g. salmon, ham, or salami sliced in the examined plant) and sandwiches (e.g. tuna, salmon, meat, or egg sandwiches) were collected during the working process. Additionally, 529 samples from the equipment and environment were obtained after cleaning and Samples from the equipment and environment were collected with cotton swabs.
From ingredients and final products, 25 g were collected in each case. Samples were subsequently placed into cool boxes and microbiological examinations were carried out within 4 h after sampling.
Listeria detection and identification
Examinations for Listeria were performed using a two-step enrichment 
Characterization of L. monocytogenes strains
Isolated L. monocytogenes strains were characterized by serotyping, determination of genetic lineages, repetitive element PCR (Rep PCR) typing, and pulsed-field gel electrophoresis (PFGE) analysis. Serotyping was performed at the Swiss National Center for Listeriosis (Lausanne, Switzerland). For the determination of genetic lineages, the ASO-PCR multiplex system targeting the prfA virulence gene cluster was applied (Ward, Gorski, Borucki, Mandrell, Hutchins, & Pupedis, 2004) . Based on phylogenetic analysis, L. monocytogenes is separated into three genetic lineages (Liu et al., 2006) . Rep PCR was performed as described by Jer!ek et al. (1999) . 
Results
Prevalence and distribution of Listeria
Of the 1'779 equipment and environmental samples collected in the first sampling phase (November 2008 to July 2009), 65 (3.7%) were positive for Listeria spp. (Table 1 ). The 60 Listeria isolates collected during the working process were identified as L. monocytogenes (59 strains) and Listeria welshimeri (one strain), whereas the five Listeria isolates collected after cleaning and disinfection were identified as L.
monocytogenes. The origin of the 64 L. monocytogenes strains is shown in Table 2 .
Thereby, 28 strains (43.8%) originated from three slicers, which tested repeatedly positive. Besides, in the second sampling phase (October to November 2009), six (2.4%) of the 249 samples collected from the equipment and environment after cleaning and disinfection were positive for Listeria spp. Positive samples were thereby only detected during the first two visits. All six isolates were identified as L. monocytogenes and originated from a breadfeeding machine repeatedly testing positive, a water hose, and a drain (Table 2) .
Furthermore, 22 (11.7%) of the 188 samples from pre-handled ingredients and final products collected in the first sampling phase tested positive for Listeria spp.
( 
Characterization of L. monocytogenes strains
Of the 64 L. monocytogenes strains obtained from the equipment and environment in the first sampling phase (during the working process and after cleaning and disinfection), 61 belonged to serotype 1/2a and genetic lineage II, whereas the remaining three strains belonged to serotype 1/2b and genetic lineage I ( Table 2 ).
The six L. monocytogenes strains obtained from the equipment and environment in the second sampling phase (after cleaning and disinfection) belonged to serotype 1/2a
and genetic lineage II. Of the 16 L. monocytogenes strains obtained from ingredients and final products, 13 belonged to serotype 1/2a and genetic lineage II, and three belonged to serotype 1/2b and genetic lineage I (Table 3) .
Genotyping of all the 86 isolated L. monocytogenes strains yielded six different patterns using Rep PCR typing (a to f) and six different patterns using PFGE analysis (A to F). The 64 L. monocytogenes strains obtained from the equipment and environment in the first sampling phase comprised three different genotypes (Table   2) , and the great majority (84.4%) of them belonged to only one genotype (a, A). All Besides, the six L. monocytogenes strains obtained from the equipment and environment in the second sampling phase (after cleaning and disinfection) belonged to two different genotypes (a, A; c, C) (Table 2) . Thereby, the four strains from the bread-feeding machine belonged to the predominant genotype (a, A). Furthermore, the 16 L. monocytogenes strains obtained from ingredients and final products comprised five different genotypes (Table 3 ). More than half of these 16 strains belonged to only one genotype (a, A).
Discussion
In the examined sandwich-producing plant, L. monocytogenes were detected within 12 months in 3.5% of the samples obtained from the equipment and environment during the working process and after cleaning and disinfection.
Besides, L. monocytogenes were also found in ingredients pre-handled in the examined plant and in final products. Salmon sliced in the plant, and sandwiches An efficient food safety and hygiene concept of a food business operator must involve basic hygiene measures (good hygiene and manufacturing practices, including adequate cleaning and disinfection procedures), as well as product-and production-specific preventive measures in accordance with the HACCP principles (Sperber, 2005; Untermann, 1999; WHO, 1998 Meine grossartige Familie, die mir diesen Weg überhaupt erst ermöglicht hat.
Meinen Thomas als ruhendem Pol und Fels in der Brandung.
